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(54) Display device 

(57) The drive substrate and an opposed substrate 
are joined to each other through a gap in which a liquid 
crystal is held. Pixels electrodes are provided on the 
drive substrate in a matrix form and, an opposed elec- 
trode is formed on the entire surface of the opposed sub- 
strate. The drive substrate 1 has a plurality of thin film 
transistors each for switching one of the pixel electrodes, 
a first interlayer insulating film for covering the thin film 
transistors, interconnect electrodes patterned on the first 
interlayer insulating film and connected to the thin film 
transistors, a second interlayer insulating film for cover- 



ing the interconnect electrodes and a black matrix pat- 
terned on the second interlayer insulating film and used 
for shielding the thin film transistors beneath the second 
interlayer insulating film. The black matrix is covered by 
a planerization layer and the pixel electrodes are pat- 
terned on the planerization layer. The pixel electrodes 
are connected to the interconnect electrodes through the 
black matrix 10 which is made up of a metal film. In a 
display device of the active matrix type, an on-chip black 
structure is thus obtained by providing a black matrix also 
referred to as a light-shielding layer on a drive substrate. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

The present invention relates to an active matrix liq- 
uid crystal panel and other representatives of display 
device. To put it in more detail, the present invention 
relates to the structure of a black matrix for shielding por- 10 
tions other than pixel openings of a display device. 

Description of Related Art 

A display device is explained concisely by referring is 
to Fig. 8. The display device has a panel structure com- 
prising a drive substrate 101 , an opposed substrate 102 
joined to the drive substrate 101 through a predeter- 
mined gap and a liquid crystal 103 held in the gap. The 
drive substrate 101 has pixel electrodes 104 laid out in 20 
a matrix form and a plurality of thin film transistors 105 
for switching the pixel electrodes 104 individually. The 
thin film transistors 105 are covered by a first interlayer 
insulating film 1 06. An interconnect electrode 1 07 is pro- 
vided on each of the thin film transistors 1 05, being elec- 25 
trically connected to a source region S of the thin film 
transistor 105. A second interlayer insulating film 108 is 
formed so as to cover the interconnect electrodes 107. 
The pixel electrodes 104 described above are provided 
on the second interlayer insulating film 108. Each of the 30 
pixel electrodes 104 is connected electrically to a drain 
region D of any one of the thin film transistors 105 
through a contact hole formed in the first and second 
interlayer insulating films 106 and 108. In addition, a 
black mask 1 09 comprised of a metal film having a light- 35 
shielding characteristic is patterned on the circumfer- 
ence of the drive substrate 101. On the other hand, a 
black matrix 110 for shielding portions other than the 
pixel electrodes 1 04 is formed on the inner surface of the 
facing substrate 102. The black matrix 110 may be 40 
formed by patterning a metal film having a light-shielding 
characteristic. Each opening surrounded by the black 
matrix 1 1 0 is aligned with one of the pixel electrodes 1 04. 
A planerization layer 1 1 1 is formed for planerizing the 
unevenness of the black matrix 1 1 0. A layer of transpar- 45 
ent opposed electrodes 112 is formed over the whole 
surface of the black market 110. 

In the structure shown in Fig. 8, only partial circum- 
ference portions of the black matrix are formed on the 
drive-substrate side. Other portions are all provided on so 
the opposed-substrate side. For this reasons, it is nec- 
essary to accurately adjust the positions of the opposed 
and drive substrates. A pattern of the black matrix is 
formed by considering both the accuracy of the adjust- 
ment of the opposed and drive substrates' positions and 55 
the accuracy of the formation of the black matrix on the 
opposed-substrate side. In this case, it is necessary to 
reserve in advance a margin for absorbing errors of the 
positional adjustment. Dimensions of the pattern of the 



black matrix larger than required are therefore set. As a 
result, a problem caused by the fact that the aperture 
ratio of the pixel is sacrificed is encountered. As 
described above, the accurate adjustment of the posi- 
tions of the opposed and drive substrates is required, giv- 
ing rise to a problem that an alignment apparatus for use 
in the adjustment must be precise and, thus, expensive. 
The structure on the opposed-substrate side comprises 
a black matrix, a planerization layer and a layer of 
opposed electrodes superimposed one upon another. 
When coating the planerization layer, a film-thickness 
unevenness is most likely resulted in due to the uneven- 
ness of the black matrix. As a result, the film-thickness 
unevenness gives rise to still another problem that gap 
unevenness is resulted in among the pixels, producing 
poor contrast. 

SUMMARY OF THE INVENTION 

In order to solve the problems encountered in the 
technology as described above, the following means are 
provided. To be more specific, the present invention pro- 
vides a display device with a basic structure comprising: 
a drive substrate having pixel electrodes arranged in a 
matrix form; an opposed substrate having opposed elec- 
trodes which opposed substrate is joined to the drive 
substrate through a predetermined gap; and an electro- 
optical material held in the gap. 

The display device is characterized in that the fol- 
lowing components are formed on the drive substrate: a 
plurality of thin film transistors for individually switching 
the pixel electrodes; a first interlayer insulating film for 
covering the thin film transistors; interconnect electrodes 
each electrically connected to one of the thin film tran- 
sistors which interconnect electrodes are patterned on 
the first interlayer insulating film; a second interlayer 
insulating film for covering the interconnect electrodes; 
and a black matrix, also referred to as a light-shielding 
layer, for shielding the thin film transistors beneath the 
second interlayer insulating film, which black matrix is 
patterned above the second interlayer insulating film. 

Preferably, the black matrix is covered by a planeri- 
zation layer and the pixel electrodes are patterned on the 
planerization layer. The black matrix is comprised of a 
metal film and the pixel electrodes are connected to the 
interconnect electrodes beneath the pixel electrodes 
through the metal film. As an alternative, the black matrix 
is comprised of a metal film having a floating potential 
and the pixel electrodes are connected directly to the 
interconnect electrodes, bypassing the black matrix. In 
some cases, the interconnect electrodes overlap the 
pixel electrodes above the interconnect electrodes, func- 
tioning as a black matrix bordering the pixel electrodes. 

In one aspect of the present invention, the drive sub- 
strate described above is divided into a pixel array unit 
including the pixel electrodes and the thin film transistors 
for individually switching the pixel electrodes, and a 
peripheral unit including a drive circuit for operating the 
pixel array unit. In this case, the opposed substrate 
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described above is equipped with a black matrix (or a 
second light-shielding layer) which is aligned with the 
peripheral unit. In a typical configuration, the black matrix 
(the first light-shielding layer) provided on the drive-sub- 
strate side covers the regions of thin film transistors in 5 
the pixel array unit and, in addition, is also extended to 
a region of the peripheral unit excluding the drive circuit 
and, on the other hand, the black matrix (the second 
light-shielding layer) provided on the opposed-substrate 
side selectively shields only the drive circuit region. In 
some cases, the pixel array unit has effective pixels each 
comprising a pair of pixel electrode and thin film transis- 
tor for switching the pixel electrode, and dummy pixels 
each comprising a thin film transistor and no pixel elec- 
trode driven the thin film transistor. In such a case, a 
structure can be contrived so that the black matrix (the 
first light-shielding layer) completely covers the dummy 
pixels. 

According to the present invention, thin film transis- 
tors formed by integrating them on a drive substrate are 
covered, insulated and protected by a first interlayer 
insulating film. Interconnect electrodes of the thin film 
transistors are patterned on the first interlayer insulating 
film. The interconnect electrodes are covered, insulated 
and protected by a second interlayer insulating film. Fur- 
thermore, a black matrix (a first light-shielding layer) 
comprised of a metal film is typically patterned on the 
second interlayer insulating film. By using a metal film, 
the black matrix can be patterned with a high degree of 
accuracy and, at the same time, since the black matrix 
is insulated and separated from the interconnect elec- 
trodes, neither short-circuit nor the like are resulted in. 
On the top of that, a planerization layer and other layers 
are deposited on the black matrix and pixel electrodes 
are patterned thereon. Since these pixel electrodes are 
electrically connected to the interconnect electrodes 
through the black matrix, the contact structure can be 
designed in many ways. The configuration described 
above allows the so-called on-chip black-matrix structure 
to be obtained, no longer requiring accurate adjustment 
of the positions of the facing and drive substrates. In 
some cases, by providing a black matrix (a second light- 
shielding layer) that covers only the peripheral unit on 
the facing-substrate side, a more perfect light-shielding 
structure can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional diagram showing principal 
elements of a first embodiment implementing a dis- 
play device in accordance with the present invention ; 
Fig. 2 is a cross-sectional diagram showing principal 
elements of a second embodiment implementing a 
display device in accordance with the present inven- 
tion; 

Figs. 3A and 3B are cross-sectional diagrams show- 
ing principal elements of a third embodiment imple- 
menting a display device in accordance with the 



present invention and its plane diagram respec- 
tively; 

Fig. 4 is a cross-sectional diagram showing principal 
elements of a fourth embodiment implementing a 
display device in accordance with the present inven- 
tion; 

Fig. 5 is a cross-sectional diagram showing principal 
elements of a fifth embodiment implementing a dis- 
play device in accordance with the present invention; 
Fig. 6 is a plane model diagram showing the fifth 
embodiment; 

Fig. 7 is a cross-sectional diagram showing principal 
elements of a sixth embodiment implementing a dis- 
play device in accordance with the present invention; 
and 

Fig. 8 is a cross-sectional model diagram showing 
parts of the display device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will become more apparent 
from the following detailed description of preferred 
embodiments with reference to accompanying dia- 
grams. Fig. 1 is a cross-sectional diagram showing prin- 
cipal elements of a first embodiment implementing a 
display device in accordance with the present invention. 
As shown in the figure, the display device has a panel 
structure comprising a drive substrate 1 made of glass 
or the like and a opposed substrate 2 which is, much like 
the drive substrate 1 , made of glass or the like and joined 
to the drive substrate 1 through a predetermined gap. A 
liquid crystal 3 is held as an electro-optical material in 
the gap between the drive and opposed substrates 1 and 
2. Pixel electrodes 4 are patterned in a matrix form on 
the drive substrate. The pixel electrodes 4 are made of 
a transparent dielectric film such as ITO or Sn0 2 . On the 
other hand, opposed electrodes 5 also made of a trans- 
parent dielectric film are formed over the entire inner sur- 
face of the opposed substrate 2. 

The present invention is characterized in that the fol- 
lowing components are formed on the drive substrate 1 : 
a plurality of thin film transistors 6 for individually switch- 
ing the pixel electrodes 4; a first interlayer insulating film 
7 for covering the thin film transistors 6; interconnect 
electrodes 8 each electrically connected to one of the 
thin film transistors 6 which interconnect electrodes 8 are 
patterned; a second interlayer insulating film 9 for cover- 
ing the interconnect electrodes 8; and a black matrix 10 
for shielding the thin film transistors 6 from light beneath 
the second interlayer insulating film 9, which black matrix 
10 is patterned above the second interlayer insulating 
film 9. 

Furthermore, the black matrix 10 is covered by a 
planerization layer 1 1 and the pixel electrodes 4 are pat- 
terned on the flattening film 1 1 . 

The black matrix 1 0 is comprised of a metal film such 
as Ti, Al or Cr. In particular, Ti has a cylindrical crystal 
structure and an excellent etching characteristic, allow- 
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ing a precise black-matrix pattern to be fabricated. As 
described above, the black matrix 1 0 shields the thin film 
transistors 6 from external light. In this embodiment, a 
black matrix 10a is further extended also to the periph- 
eral portion. On the other hand, the pixel electrodes 4 5 
are connected to the interconnect electrodes 8 on the 
drain-region (D) side through the black matrix 10, while 
the interconnect electrodes 8 on the source-region (S) 
side constitute signal lines. The interconnect electrodes 
8 are made up of typically Al, Cu, Ti, Mo, W or an alloy w 
thereof. As described earlier, the interconnect electrodes 
8 are covered by the second interlayer insulating film 9 
which is made of PSG, NSG, Si0 2 , SiN or the like, being 
electrically insulated from the black matrix 10. 

Next, a method for manufacturing the display device is 
provided by the present invention is described concisely 
by referring to Fig. 1 . First of all, the thin film transistors 
6 are formed by integrating them on the drive substrate 
1 which is typically made of glass and then covered by 
the first interlayer insulating film 7. Subsequently, contact 20 
holes connecting to the source regions (S) and the drain 
regions (D) of the thin film transistors 6 are formed in the 
first interlayer insulating film 7. Then, an electrode mate- 
rial is formed into a film by the sputtering or CVD method. 
The electrode-material film is subsequently patterned 25 
into a predetermined form to produce the interconnect 
electrodes 8. The interconnect electrodes 8 connected 
to the source regions (S) each serve as a signal line and, 
in some cases, function as a black matrix. The second 
interlayer insulating film 9 overlapping these intercon- 30 
nect electrodes 8 serve as a cover thereof. Contact holes 
formed in the second interlayer insulating film 9 allow 
portions of the interconnect electrodes 8 electrically con- 
nected to the drain regions (D) of the thin film transistors 
6 to be exposed. Later on, a metal film is formed by the 35 
sputtering of CVD method. The metal film is then etched 
into a pattern having a predetermined form, being fabri- 
cated to produce the black matrix 10. The black matrix 
1 0 is covered by the planerization layer 1 1 which is com- 
prised of transparent acrylic resin or the like in order to 40 
absorb the unevenness of the surface of the drive sub- 
strate 1. Contact holes are formed in the planerization 
layer 1 1 , exposing portions of the black matrix 10. Finally, 
a transparent dielectric film is deposited and formed into 
a predetermined pattern in a manufacturing process for 45 
producing the pixel electrodes 4. As a result, the pixel 
electrodes 4 are electrically connected to the drain 
regions (D) of the thin film transistors 6 through the black 
matrix 10 and the interconnect electrodes 8. In this way, 
since the black matrix 10 can be formed on the chip on so 
the side of the opposed substrate 2, basically, only the 
opposed electrodes 5 are formed on the side of the 
opposed substrate 2. Therefore, it is not necessary to 
precisely adjust the positions of the drive and opposed 
substrates 1 and 2. 55 

Fig. 2 is a cross-sectional diagram showing principal 
elements of a second embodiment implementing a dis- 
play device in accordance with the present invention. The 
basic configuration of the second embodiment is the 



same as that of the first embodiment shown in Fig. 1 . 
Components of the second embodiment identical with 
those employed in the first embodiment are assigned the 
same numeral numbers as those assigned to the latter 
in order to make the description easy to understand. The 
second embodiment is different from the first one in that, 
in the case of the second embodiment, the black matrix 
10 covering the thin film transistors 6 is put at a floating 
potential. In such a scheme, the pixel electrodes 4 are 
connected directly to the interconnect electrodes 8 on 
the drain-region (D) side, bypassing the black matrix 10. 
In this structure, the black matrix 10 is put at a floating 
potential, eliminating the danger of applying an unnec- 
essary electric field to the liquid crystal 3. 

Figs. 3A and 3B are cross-sectional diagrams show- 
ing principal elements of a third embodiment implement- 
ing a display device in accordance with the present 
invention and its plane diagram respectively. Basically, 
the configuration of the third embodiment is the same as 
that of the first embodiment shown in Fig. 1. Components 
of the third embodiment identical with those employed in 
the first embodiment are assigned the same numeral 
numbers as those assigned to the latter in order to make 
the description easy to understand. As shown in Fig. 3A, 
the interconnect electrodes 8 electrically connected to 
the source-region (S) side of the thin film transistors 6 
each serve as a signal line. The interconnect electrodes 
8 each partially overlap one of the pixel electrodes 4 
above the interconnect electrodes 8, functioning as a 
black matrix bordering the pixel electrodes 4. This posi- 
tional relation is shown in a partial plane diagram of Fig. 
3B. As shown in Fig. 3B, an interconnect electrode 8 
serving as a signal line overlaps portions of pixel elec- 
trodes 4, forming a black stripe. 

Fig. 4 is a cross-sectional diagram showing principal 
elements of a fourth embodiment implementing a display 
device in accordance with the present invention. The 
basic configuration of the fourth embodiment is the same 
as that of the first embodiment shown in Fig. 1 . Compo- 
nents of the fourth embodiment identical with those 
employed in the first embodiment are assigned the same 
numeral numbers as those assigned to the latter in order 
to make the description easy to understand. As shown 
in the figure, the drive substrate 1 is divided into a pixel 
array unit including the pixel electrodes 4 and thin film 
transistors 6 for individually switching the pixel elec- 
trodes 4, and a peripheral unit including a drive circuit 
(not shown) for operating the pixel array unit. In this con- 
figuration, on the side of the oposed substrate 2 
described above, a black matrix 12 which is aligned with 
the peripheral unit is provided. In addition, the pixel array 
unit has effective pixels each comprising a pair of pixel 
electrode 4 and thin film transistor 6 for switching the 
pixel electrode 4, and dummy pixels each comprising a 
thin film transistor 6a with no pixel electrode driven by 
the thin film transistor 6a. The dummy pixels are entirely 
covered by a black matrix 10a. The dummy pixels are 
provided at several pixel positions so as to surround the 
effective pixels. In this way, the dummy pixels protect the 
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effective pixels against, among other things, external 
electrostatic stress by absorbing the stress. Accordingly, 
since the dummy pixels are subject to such stress con- 
centratedly, the dummy pixels can get out of order or 
even be damaged easily. Addressing this problem, a 
black matrix 10a in this embodiment is extended so as 
to entirely cover the thin film transistors 6a composing 
the dummy pixels. In addition, this black matrix 10a par- 
tially overlaps a black mask 1 2 provided on the opposed- 
substrate side. As a result, the black matrix 10a and the 
black mask 12 jointly make the light-shielding effect for 
the display device more perfect. In addition, the black 
matrix 10a and the black mask 12 overlap each other at 
a relatively large margin, making it unnecessary to accu- 
rately adjust the positions of the drive and opposed sub- 
strates 1 and 2. 

Next, a method of manufacturing the present display 
device is described by referring to Fig. 4. First of all, thin 
film transistors 6 and 6a are formed on a drive substrate 
6 which is made of glass or the like. The thin film transis- 
tors 6 and 6a are then covered by a first interlayer insu- 
lating film 7. Subsequently, a contact hole is formed in 
the first interlayer insulating film 7 in order to partially 
expose a source region S and a drain region D of the thin 
film transistor 6. In this case, it is actually not necessary 
to make a contact hole for the thin film transistor 6a which 
pertains to a dummy pixel. In the case of this embodi- 
ment, none the less, much like the thin film transistor 6 
pertaining to an effective pixel, a contact hole is formed 
for the thin film transistor 6a pertaining to a dummy pixel 
as well. Then, an electrode material is formed into a film 
by the sputtering or CVD method. The electrode-material 
film is subsequently patterned into a predetermined form 
to produce the interconnect electrodes 8. Subsequently, 
a second interlayer insulating film 9 is formed. A contact 
hole is then formed in the second interlayer insulating 
film 9 to partially expose the interconnect electrodes 8 
electrically connected to the drain regions (D) of the thin 
film transistors 6. On the other hand, no contact hole is 
formed for the thin film transistor 6a pertaining to a 
dummy pixel. Later on, a metal film is formed by means 
of the sputtering of CVD method. The metal film is then 
patterned into a predetermined form, being fabricated to 
produce the black matrices 1 0 and 1 0a. As shown in the 
figure, the black matrix 10a completely shields the thin 
film transistor 6a pertaining to a dummy pixel. After a 
planerization layer is formed thereon, a contact hole con- 
tinuing to the black matrix 10 is drilled. Finally, a trans- 
parent dielectric film is formed into a predetermined 
pattern in a fabrication process for producing a pixel elec- 
trode 4. However, no pixel electrode 4 is provided for the 
dummy pixel. On the other hand, a black matrix 12 is 
formed only on the circumference on the side of the fac- 
ing substrate 2. A film for opposed electrodes 5 is formed 
from a material such as ITO on this black matrix 12, over- 
lapping it. As described above, in this embodiment, sev- 
eral pixels on the circumference of a pixel array unit are 
used as dummy pixels which are entirely shielded by a 
black matrix. Since the several pixels on the circumfer- 



ence are prone to generating defects due to causes such 
as damages, noise or video-signal fluctuations, they are 
deliberately used as dummy pixels. In addition, a black 
matrix is provided on the opposed-substrate side for 
5 shielding the peripherals. With this configuration, the dis- 
play device can be assembled without damaging the 
effective pixels and without the need for positional adjust- 
ment. 

Fig. 5 is a cross-sectional diagram showing principal 

10 elements of a fifth embodiment implementing a display 
device in accordance with the present invention. The 
basic configuration of the fifth embodiment is the same 
as that of the first embodiment shown in Fig. 1 . Compo- 
nents of the fifth embodiment identical with those 

15 employed in the first embodiment are assigned the same 
numeral numbers as those assigned to the latter in order 
to make the description easy to understand. Much like 
the fourth embodiment shown in Fig. 4, the drive sub- 
strate 1 in the fifth embodiment is divided into a pixel 

20 array unit including the pixel electrodes 4 and thin film 
transistors 6 for individually switching the pixel elec- 
trodes 4, and a peripheral unit including a drive circuit 
(not shown) for operating the pixel array unit. In this con- 
figuration, on the side of the opposed substrate 2 

25 described above, a black matrix 1 2 which aligns with the 
peripheral unit is provided. On the other hand, a black 
matrix 1 0 provided on the side of the drive substrate 1 is 
added to regions of the thin film transistors 6 included in 
pixel array unit and part of a black matrix 1 0a is extended 

30 to the region of the peripheral unit excluding the drive 
circuit. The black matrix 12 provided on the side of the 
opposed substrate 2 selectively shields only the region 
of the drive circuit. 

Description regarding a relation between positions 

35 of the black matrices 1 0 and 1 0a and the black mask 1 2 
described above with reference to a plane drawing 
shown in Fig. 6 is added. As shown in the figure, the drive 
substrate 1 is divided into a pixel array unit 13 including 
the pixel electrodes 4 and thin film transistors 6 for indi- 

40 vidually switching the pixel electrodes 4, and a peripheral 
unit 1 6 including a vertical drive circuit 1 4 and a horizon- 
tal drive circuit 15 for operating the pixel array unit 13. It 
may be noted that signal lines X and gate lines Y per- 
pendicular to the signal lines X are provided on the pixel 

45 array unit 13. In addition, terminals 17 for external con- 
nection are provided at the upper end of the drive sub- 
strate 1 . In this configuration, a black matrix provided on 
the side of the drive substrate 1 covers regions of the thin 
film transistors 6 in the pixel array unit 1 3 and, in addition, 

so is also extended to a region of the peripheral unit exclud- 
ing the vertical drive circuit 14 and the horizontal drive 
circuit 15. On the other hand, the black matrix provided 
on the side of the opposed substrate 2 selectively shields 
only the regions of the vertical drive circuit 14 and the 

55 horizontal drive circuit 1 5. If now, for example, the vertical 
drive circuit 14 and the horizontal drive circuit 15 with 
much unevenness are shielded by the black matrix on 
the drive-substrate side, short-circuit failures and elec- 
trostatic damages are most likely generated, leading to 
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defects. Addressing this problem, only the regions of the 
vertical drive circuit 14 and the horizontal drive circuit 15 
are shielded by the black mask on the opposed-substrate 
side. It may be noted that, in some cases, the peripheral 
unit of the drive substrate 1 is provided with test terminals 
for use in, among other things, measurement of opera- 
tions of the vertical drive circuit 14 and the horizontal 
drive circuit 15. In such a case, the black matrix can be 
extended to the peripheral region, shunning only the test 
terminals. 

Finally, principal elements of a sixth embodiment 
implementing a display device in accordance with the 
present invention are shown in a cross-sectional diagram 
of Fig. 7. The basic configuration of the sixth embodiment 
is the same as that of the first embodiment shown in Fig. 
1 . Components of the sixth embodiment identical with 
those employed in the first embodiment are assigned the 
same numeral numbers as those assigned to the latter 
in order to make the description easy to understand. In 
the case of the first embodiment, the peripheral is 
shielded by the black matrix on the side of the drive sub- 
strate 1 . In the case of the sixth embodiment, on the other 
hand, a black mask 12 is provided on the side of the 
opposed substrate 2 for shielding the peripheral unit. 

As described above, a black matrix is formed on the 
drive-substrate side in accordance with the present 
invention, producing an effect of allowing the aperture 
ratio to be improved over the conventional value by 
greater than 1 .4 times. In addition, all black matrices are 
formed on the drive-substrate side, leaving only facing 
electrodes on the facing-substrate side. As a result, the 
positional adjustment is not required any more. As 
another effect, since a black matrix is formed on the 
drive-substrate side and several circumference pixels 
are treated as dummy pixels, it is no longer necessary 
to carry out positional adjustment. As still another effect, 
only simple external forms need to be adjusted. As a 
result, the cost of an apparatus for alignment purposes 
and the cost of inspection can thereby be reduced sub- 
stantially. The formation of the black matrix on the drive- 
substrate side makes it no longer necessary to form a 
planerization layer on the opposed-substrate side, pro- 
ducing an effect of increasing the transmittivity by several 
percents. Since it is no longer necessary to provide a 
planerization layer on the opposed-substrate side, gaps 
among pixels can be controlled with ease. As a result, 
surface unevenness is eliminated. 

Claims 

1 . A display device comprising : 

a first substrate having pixel electrodes 
arranged in a matrix form, said first substrate having 
a plurality of thin film transistors each associated 
with one of said pixel electrodes, 

a first interlayer insulating film for covering 
said thin film transistors, 

interconnect electrodes formed on said first 
interlayer insulating film and connected to said thin 



film transistors, 

a second interlayer insulating film for cover- 
ing said interconnect electrodes, and 

afirst light-shielding layer formed on said sec- 
5 ond interlayer insulating film and used for shielding 

said thin film transistors beneath said second inter- 
layer insulating film; 

a second substrate joined to said first sub- 
strate through a predetermined gap and provided 
w with facing electrodes; and 

an electro-optical material held in said gap. 

2. A display device according to claim 1 wherein a plan- 
erization layer for covering said first light-shielding 

is layer is provided and said pixel electrodes are 
formed on said planerization layer. 

3. A display device according to claim 2 wherein said 
first shielding layer is comprised of a metal film and 

20 said pixel electrodes are connected to said intercon- 
nect electrodes beneath said pixel electrodes 
through said metal film. 

4. A display device according to claim 2 wherein said 
25 first light-shielding layer is comprised of a metal film 

having a floating potential and said pixel electrodes 
are connected directly to said interconnect elec- 
trodes, without connecting said first light-shielding 
layer. 

30 

5. A display device according to claim 1 wherein said 
interconnect electrodes each partially overlap a 
pixel electrode end above said interconnect elec- 
trode, functioning as a light-shielding layer bordering 

35 said pixel electrodes. 

6. A display device according to claim 1 wherein said 
first substrate is divided into a pixel array unit includ- 
ing said pixel electrodes and said thin film transistors 

40 each for switching one of said pixel electrodes and 
a peripheral unit including a drive circuit for operating 
said pixel array unit, and a said second substrate has 
a second light-shielding layer aligning with said 
peripheral unit. 

45 

7. A display device according to Claim 6 wherein said 
first light-shielding layer covers regions of said thin 
film transistors in said pixel array unit, and is also 
extended to a region of said peripheral unit excluding 

so said drive circuit, and said second light-shielding 
layer selectively shields only a region of said drive 
circuit. 

8. A display device according to Claim 6 wherein said 
55 pixel array unit comprises effective pixels each com- 
prising a pixel electrode and a thin film transistor for 
switching said pixel electrode and dummy pixels 
each comprising a thin film transistor with no pixel 
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electrode, and said dummy pixels are entirely cov- 
ered by said first light-shielding layer. 



5 



10 



15 



20 



25 



30 



35 



40 



45 



55 



EP 0 708 355 A2 




8 



EP 0 708 355 A2 




9 



EP 0 708 355 A2 




10 



EP 0 708 355 A2 




11 



EP 0 708 355 A2 




CM ro ~ °> ^ 



12 



EP 0 708 355 A2 



lO 



CO 
CO 



ZD 
O 

o 

LlI 

> 

Q 



| 

O 
N 

q: 
o 

X 























( 








( 










CD 


X 






r 























ro 



qq:— >lj o— ccoz>— h- 
>UJtt:l — o<_i 



CO 



13 



EP 0 708 355 A2 




W ro CD 



14 



EP 0 708 355 A2 




15 



